INTRODUCTION
As the U.S. population ages, the burdens of chronic illnesses are growing, 1, 2 leading to increasing healthcare costs and concerns about Medicare's sustainability. 3, 4 Hospitalizations among older adults remain costly for the American healthcare system, 5 and one in five Medicare beneficiaries hospitalized for common conditions such as pneumonia, congestive heart failure (CHF), or myocardial infarction (MI) are rehospitalized within 30 days. 5 Consequently, potentially preventable hospitalizations, such as those for ambulatory care-sensitive conditions (ACSCs) and early rehospitalizations, are of growing concern for healthcare providers and systems. To reduce hospitalization-related healthcare costs, the Centers for Medicare and Medicaid Services (CMS) is actively incentivizing efforts to reduce rehospitalizations within 30 days of initial hospitalization for pneumonia, CHF, or MI. 6 Interest is increasing in understanding risk factors for potentially preventable hospitalizations and rehospitalizations among older adults. [7] [8] [9] [10] [11] Although neuropsychiatric disorders such as depression, cognitive impairment without dementia Dr. Davydow has had full access to all the data in the study and takes responsibility for the integrity of the data and the accuracy of the data analysis. The funding organization had no role in the design and conduct of the study; collection, management, analysis, and interpretation of the data; preparation, review, or approval of the manuscript; and decision to submit the manuscript for publication.
(CIND), and dementia are highly prevalent in older adults, [12] [13] [14] little is known about their potential contributions to preventable hospitalizations and rehospitalizations. The few prior studies examining the contribution of depression or dementia to the risk of these outcomes have been limited to single-centers, 15, 16 geographically defined health systems, 17, 18 or specific chronic disease populations. 18 Furthermore, while depression is frequently comorbid with mild cognitive impairment and dementia, 19 no study to date has considered the impact of comorbidity between depression and dementia on the risk of preventable hospitalizations and/or rehospitalizations.
The present investigation utilizes data from an ongoing longitudinal investigation of older Americans to determine if depression, CIND, and/or dementia are independently associated with increased risk of hospitalizations for ACSCs as well as rehospitalizations within 30 days of initial hospitalization for pneumonia, CHF, or MI. We hypothesized that depression, CIND, and dementia would each be independently associated with both hospitalization for an ACSC and 30-day rehospitalization.
METHODS

Population
Our study is a secondary analysis of prospectively collected, nationally representative data from U.S. adults over age 50 participating in the Health and Retirement Study (HRS). The HRS began in 1992. To date, over 31,000 individuals have participated. Subjects are interviewed every 2 years. The HRS follow-up rate has exceeded 90-95 % including proxies, 20 and over 80 % of eligible respondents have consented to linkage of their Medicare claims records with study data. The HRS protocol was approved by the University of Michigan Institutional Review Board, and participants provided informed consent upon enrollment and again for linkage to Medicare claims.
Our sample included the 7,031 HRS respondents interviewed in 1998 or 2000 who consented to linkage of their Medicare claims records. We followed them through death or the 2008 interview.
Primary Independent Variable
The primary independent variable in our analyses was neuropsychiatric disorder status at baseline (i.e., the 1998 or 2000 HRS interview), defined categorically as no disorder, depression alone, CIND alone, dementia alone, comorbid depression and CIND, or comorbid depression and dementia.
Depression was defined as either a score of≥4 on the eight-item Center for Epidemiologic Studies Depression Scale (CES-D) 21 at the baseline HRS interview or a depression diagnosis in the Medicare claims in the year before baseline, based on International Classification of Disease, Ninth Revision, Clinical Modification (ICD-9-CM) codes 296.2, 296.3, 298.0, 300.4, or 311.0. The eightitem CES-D cutoff score of≥4 has been found to be comparable to the cutoff score of≥16 on the full CES-D, 21 and has been used in several prior studies. 12, 22, 23 Cognitive impairment was assessed in the HRS using the modified Telephone Interview for Cognitive Status (TICSm). 24 The TICSm has been validated against neuropsychiatric interview in the Aging, Demographics, and Memory Study, and has been found to have a weighted accuracy of 69.2 % in correct classification of individuals as having either normal cognition, CIND, or dementia. 24 CIND was defined as a TICSm score of 7 to 11 at the baseline HRS interview. 24 Dementia was defined as either a baseline TICSm score of≤6 24 or a dementia diagnosis (ICD-9-CM codes 290.0-290. 42 
Covariates of Interest
Important covariates were chosen a priori based on prior research identifying their associations with health outcomes, including healthcare utilization, among older adults. 5, 7, 10, 11, [14] [15] [16] [17] [18] Data on demographics (e.g., age, sex, race, education, marital/partnered status, and household net worth), alcohol use, and smoking came from the baseline HRS interview.
Clinical characteristics included chronic medical diagnoses used to compute a baseline Charlson Comorbidity score, 25 and the number of hospitalizations in the year before baseline, both obtained from Medicare claims. Information on additional baseline health-risk behaviors was obtained from Medicare claims and included substance abuse (ICD-9-CM codes 303.0 -305.0) as well as obesity (ICD-9-CM code 278.0) diagnoses.
Outcomes of Interest
Our two primary outcomes of interest were time to hospitalization for an ACSC and rehospitalization within 30 days after initial hospitalization for pneumonia, CHF, or MI. We used ICD-9-CM diagnostic codes to identify hospitalizations for which the principal discharge diagnosis was one of the conditions identified by the Agency for Healthcare Research and Quality (AHRQ) as ACSCs in their report on prevention quality indicators. 26, 27 Time to hospitalization for an ACSC was censored at death or the 2008 HRS interview. We identified acute hospitalizations that occurred within 30 days of initial hospitalization for pneumonia, CHF, or MI based on validated algorithms.
28-30
Statistical Analysis
We present descriptive data as means and standard deviations (SDs) or proportions. To examine the association of baseline neuropsychiatric disorders with time to hospitalization for an ACSC, we used Cox proportional hazards regression models. First, we tested the unadjusted association of baseline neuropsychiatric disorder status with hospitalization for an ACSC. We then sequentially adjusted for our covariates of interest, categorizing all covariates that were not normally distributed. The sequence of adjustments was: 1) demographics (e.g., age, sex, race categorized as white versus non-white, education categorized as<high school graduate versus≥high school graduate, marital/partnered status categorized as married/partnered versus single/separated/widowed, household net worth categorized as≥the sample median net worth versus below); 2) clinical characteristics (e.g., Charlson score≥1, ≥ 1 hospitalization in the year before baseline); and 3) health-risk behaviors (e.g., alcohol use categorized by the number of drinks per day, categorized smoking status, substance abuse and obesity diagnoses). We tested the proportional hazards assumption of each of the Cox models using Schoenfeld residuals and found that the fully adjusted model violated the proportional hazards assumption (P<0.001 by chi-square test) due to age (P<0.001 by chi-square test). Therefore, we repeated our fully adjusted proportional hazards regression including age as a time-varying covariate. 31 We used logistic regression models with robust error variances to determine if baseline neuropsychiatric disorder status was independently associated with odds of rehospitalization within 30 days after initial hospitalization for pneumonia, CHF, or MI, using the same sequence of covariate adjustment as our models for ACSC-related hospitalizations.
To determine the extent that any increase in hospitalizations for ACSCs or 30-day rehospitalizations could be attributable to neuropsychiatric disorders, we calculated the population attributable fraction (PAF) for each baseline neuropsychiatric disorder. PAFs and their 95 % Confidence Intervals (95%CIs) were estimated using the following formulas: P(HR -1) / (1+ P[HR -1]) for ACSC-related hospitalizations, and P(OR -1) / (1+P[OR -1]) for 30-day rehospitalizations. In these formulas, P represents the prevalence of the specific neuropsychiatric disorder, HR is the adjusted Hazard Ratio for the association of that neuropsychiatric disorder with hospitalization for an ACSC, and OR is the adjusted Odds Ratio for the association of the specific neuropsychiatric disorder with 30-day rehospitalization. 32 We conducted three pre-specified sensitivity analyses. In the first sensitivity analysis, we examined whether there were competing risks for hospitalization for an ACSC, non-ACSC hospitalization, psychiatric hospitalization, or death using competing-risks regression models according to the Fine and Gray approach. 33 Competingrisks regression models were implemented using stcrreg in STATA 12 (Stata Corporation, College Station, TX). In our second sensitivity analysis, we examined whether our models were influenced by adjusting for Elixhauser comorbidities 34 rather than categorized Charlson score. In a third sensitivity analysis, we estimated the association of baseline neuropsychiatric disorder status with our outcomes of interest using only the eight-item CES-D and TICSm thresholds to define cases of depression or dementia. Since the eight-item CES-D was only administered to self-respondents, 21 this sensitivity analysis only included the 6,256 eligible self-respondents.
We used two-sided significance tests for all analyses with statistical significance set at P = 0.05. Analyses were performed with appropriate components of the IBM SPSS Statistics 19 (SPSS Inc., Chicago, IL) and STATA 12 statistical software programs. Table 1 describes the baseline demographic, clinical and health-risk behavioral characteristics of the total sample and grouped by baseline neuropsychiatric disorder status. At baseline, 12.0 % were depressed without substantial cognitive impairment, 13.4 % met the TICSm threshold for CIND without comorbid depression, 7.6 % had dementia without comorbid depression, 5.5 % had comorbid depression and CIND, and another 4.3 % had comorbid depression and dementia. Table 2 displays the number of hospitalizations for an ACSC among the entire sample and grouped by baseline neuropsychiatric disorder status. Over half of the hospitalizations for an ACSC during the follow-up period were among the 3,016 subjects with either depression, CIND, and/or dementia. There was no significant association between baseline neuropsychiatric disorder status and specific ACSC diagnosis (P=0.52 by chi-square test).
RESULTS
Associations of Baseline Neuropsychiatric Disorders with Hospitalization for an Ambulatory Care-Sensitive Condition
In unadjusted analyses, all five categories of baseline neuropsychiatric disorder status were associated with increased risk of hospitalization for an ACSC (depression alone: HR versus no disorder: (Fig. 1) . These associations remained unchanged by adjusting for age as a time-varying covariate (eTable 1 available online). 
Admissions for perforated appendix Abbreviations: ACSCambulatory care-sensitive condition; CINDcognitive impairment without dementia a There were no hospitalizations with a principal discharge diagnosis of adult asthma during the follow-up period Table 5 displays the fractions of hospitalizations for ACSCs and 30-day rehospitalizations in our sample that are attributable to baseline neuropsychiatric disorders. In our sample, 14 % of the hospitalizations for an ACSC and 15 % of the 30-day rehospitalizations were attributable to baseline neuropsychiatric disorders.
Population Attributable Fraction Analyses
Sensitivity Analyses
In our competing-risks regression sensitivity analyses, the baseline presence of depression alone, CIND alone, comorbid depression and CIND, or comorbid depression with dementia were all independently associated with increased risk of hospitalization for an ACSC when accounting for the competing risks of non-ACSC hospitalization (n=3,093), psychiatric hospitalization (n=67), or death (n=409) (eTable 2 available online).
Adjusting for non-psychiatric Elixhauser comorbidities instead of categorized Charlson score did not substantively impact our analyses of the association of baseline neuropsychiatric disorder status with hospitalization for an ACSC (eTable 3 and eFigure 1 available online). Comorbidity between depression and CIND or depression and dementia at baseline remained independently associated with increased odds of rehospitalization within 30 days after hospitalization for pneumonia, CHF, or MI when adjusting for non-psychiatric Elixhauser comorbidities rather than categorized Charlson score (eTable 3 available online). Defining baseline depression only by an eight-item CES-D score≥4 and baseline dementia only by a TICSm score≤6 did not impact the analyses of the association of baseline neuropsychiatric disorder status with hospitalization for an ACSC (eTable 4 and eFigure 2 available online), while comorbidity between depression and CIND or depression and dementia both remained independently associated with increased odds of 30-day rehospitalization (eTable 4 available online).
DISCUSSION
In this nationwide sample of older Americans, we have identified that neuropsychiatric disorders are important contributors to potentially preventable hospitalizations and rehospitalizations. All three neuropsychiatric disorders were independently associated with increased risk of hospitalization for an ACSC, and depression as well as comorbidity between depression and CIND or depression and dementia were independently associated with rehospitalization within 30 days after initial hospitalization for pneumonia, CHF, or MI. Our findings build upon prior studies identifying that older adults with comorbid depression and cognitive impairment are a uniquely at-risk population for a wide range of adverse outcomes, including institutionalization, mortality, and caregiver burden. 35, 36 The potential implications of identifying that depression, CIND, and dementia each have independent associations with increased risk of preventable hospitalizations and early rehospitalizations are of public health importance. An emerging literature has found that hospitalizations among older adults for a wide range of medical illnesses may increase the risk of cognitive and functional decline as well as depression. [37] [38] [39] [40] Therefore, our findings suggest the potential for a vicious cycle of hospitalization, rehospitalization, and precipitous decline among older adults with pre-existing depression and/or cognitive impairment.
Depression, CIND, and dementia could increase the risk of preventable hospitalizations and rehospitalizations by several mechanisms. Depression, CIND, and dementia can lead to non-adherence with treatment for chronic conditions and difficulty with care coordination. 17, 41 Depression is also associated with increased systemic inflammation as well as hypothalamic pituitary axis and autonomic nervous system dysregulation, 41, 42 further potentiating the development of medical-surgical complications.
In addition to neuropsychiatric disorders and other previously identified risk factors such as increased age, 5, 11, 18 greater medical comorbidity, 5, 18 and prior hospitalization, 5, 18 we found that lower household net worth at baseline, an indicator of lower socioeconomic status, was independently associated with both increased risk of hospitalization for an ACSC as well as 30-day rehospitalization. These findings expand upon prior work that has identified lower socioeconomic status as a potential risk factor for potentially preventable hospitalizations and rehospitalizations. 5, 43 We also found that mild-to-moderate daily alcohol consumption among our sample was independently associated with decreased risk of both hospitalization for an ACSC and 30-day rehospitalization, which could be partially explained by the potential benefit of mild-to-moderate alcohol use for cardiovascular health or functioning in older adults. 44, 45 An implication of identifying that depression, whether alone or comorbid with CIND or dementia, could raise the risk of potentially preventable hospitalizations and rehospitalizations, is that it is modifiable. Several primary care-based interventions have reduced depressive symptoms in older adults, [46] [47] [48] [49] and have also been adapted to improve chronic medical illness management. 49 Similar interventions have also decreased neuropsychiatric symptoms and behavioral disturbances in older adults with dementia. 50 Additional research is needed to examine if aspects of these interventions could be adapted to acute care settings to enhance existing interventions that target improving care transitions from the hospital back to primary care, 51 particularly since CMS has invested heavily in piloting programs to prevent early rehospitalizations. 52 Our study has several limitations. While ACSCs are an important quality indicator, it remains unclear to what extent enhanced quality of ambulatory care could prevent these hospitalizations, necessitating caution when considering the implications of our findings. Since we only assessed neuropsychiatric disorder status at baseline, and depression status may have changed over the course of follow-up, it is reasonable to consider that other more proximate factors may have played a greater role in hospitalization for an ACSC or 30-day rehospitalization. However, prior work has established that depression in older adults with medical illnesses is frequently chronic, 47 and given the progressive nature of dementia, it is unlikely that its association with these outcomes would decrease over time. Furthermore, the probable effect of dementia as a risk factor for hospitalization for an ACSC or 30-day rehospitalization is likely greater than presented here, since 10-20 % of older adults with CIND progress to dementia annually. 13 We acknowledge that our assessment of baseline neuropsychiatric disorder status could be subject to misclassification bias, since diagnosing depression in older adults with dementia is difficult and cognitive impairment can be due to depression itself. This possibility may be increased by inclusion of ICD-9-CM codes for dementia with depressive features in our dementia definition. Our definition of baseline neuropsychiatric disorder status also precludes consideration of neuropsychiatric symptom severity as a potential mediator. Although the eight-item CES-D has not been specifically validated in cognitively impaired older adults, and the TICSm has not been specifically validated in depressed older adults, both have been used previously in other relevant studies of older adults with high rates of these disorders. 12, 14, 22, 23, 38, 40 An additional limitation is that baseline factors such as alcohol use or smoking may not accurately reflect subsequent health behaviors over the follow-up period. Also, adjustment for ICD-9-CM obesity diagnosis likely underestimated the impact of this important confounder. Furthermore, we do not have data on neuropsychiatric disorder treatments in our cohort to be able to infer whether appropriate therapies could modify the associations presented here. Finally, residual confounding remains a possibility, as in any observational study.
In conclusion, using a nationwide sample of older Americans, we have shown that depression, CIND, and dementia are each independently associated with increased risk of hospitalization for an ACSC and rehospitalization within 30 days after hospitalization for pneumonia, CHF, or MI. In addition, we identified that older adults with comorbidity between depression and CIND or depression and dementia are at greatest risk for these potentially preventable adverse outcomes. Additional research that furthers understanding of the bi-directional relationship between neuropsychiatric disorders such as depression, CIND, and dementia, with hospitalizations, as well as develops strategies for targeting interventions to reduce hospitalizations in this high risk group, is necessary in order to help maintain quality of life and independent functioning in older adults.
